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Pre l iminary  r e s u l t s  are presented  of plasma f l u x  measure- 
ments by charged p a r t i c l e  t r a p s  c a r r i e d  o u t  i n  t h e  near -p lane tary  
f l i g h t  sector of s p a c e c r a f t  "VENERA-4". 

The i n c r e a s e  i n  plasma f l u x e s  d e t e c t e d  a t  d i s t a n c e  CL 19 ,000  
km, i s  expla ined  by VENERA-4 c ros s ing  t h e  shock wave f r o n t  formed 
i n  t h e  v i c i n i t y  of t h e  p l a n e t .  

Cons idera t ions  are brought o u t  on t h e  low zharged p a r t i c l e  
concen t r a t ions  measured i n  t h e  n i g h t  ionosphere of Venus. 

* 
* * 

1. The main t a s k  of t h e  experiments desc r ibed  i n  t h i s  a r t ic le  
was t h e  s tudy  o f  charged p a r t i c l e  concent ra t ion  i n  t h e  ionosphere 
of Venus. Measurements of p l ane ta ry  ionosphere c h a r a c t e r i s t i c s  
may be conducted both by r ad iophys ica l  methods ( r e l a t e d  t o  s t u d i e s  
of t h e  passage of r a d i o  waves through t h e  ionosphere o r  on t h e i r  
r e f l e c t i o n  from t h e  ionosphere)  and by sounding methods (by means 
of Langmuir probes or charged p a r t i c l e  t r a p s  i n s t a l l e d  on a space- 
craft  pas s ing  through t h e  ionosphere of t h e  p l a n e t ) .  Considerat ions 
favor ing  t h e  use  of sounding methods fo r  s t u d i e s  of p l a n e t  iono- 
spheres  are d i scussed  i n  111 : t h e  experiment desc r ibed  hereunder 
is a f i r s t  a t tempt  of r e a l i z i n g  such sounding measurements. 

Four charged p a r t i c l e  t r a p s  w e r e  i n s t a l l e d  on s p a c e c r a f t  
"VENERA-4", launched on June 1 2 ,  1967.  The ske tches  of a p l ane  
and hemispher ica l  t r a p s ,  t h e i r  coupl ings and t h e i r  arrangement 
on t h e  s p a c e c r a f t  are shown i n  Fig.1.  The des igns  of t h e  t r a p s  
w e r e  s i m i l a r  t o  those  p rev ious ly  used f o r  s t u d i e s  of t h e  E a r t h ' s  
ionosphere (on sa te l l i t es  of t h e  "ELEKTRON" t ype  i n  p a r t i c u l a r  
121).  
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The angle  between t h e  axes of two p lane  t r a p s ,  a s  w e l l  as of t h e  
two hemispher ica l  ones,  w a s  6 0 ° ;  t h e  plane t r a p  collectors w e r e  
coupled wi th  t h e  i n p u t  of t h e  common c u r r e n t  a m p l i f i e r .  The 
hemispher ica l  t r a p s  w e r e  connected i n  a s i m i l a r  manner. The 
purpose of such a connect ion was i n  t h e  s u b s t a n t i a l  expansion , 

of t h e  angular  diagram of t h e  t r a p ,  i .e .  a reduct ion  of t h e  
dependence of t h e  r e g i s t e r e d  c u r r e n t  produced by t h e  f l u x  of 
ionospher ic  p o s i t i v e  ions  on t h e  d i r e c t i o n  of t h e  t r a p  relative 
t o  s p a c e c r a f t ' s  v e l o c i t y  vec to r .  Since t h e  s p a c e c r a f t ' s  nea r  pia- 
n e t  v e l o c i t y  was % l o 6  c m / s e c ,  it w a s  assumed t h a t ,  by comparison 
wi th  t h e  d i r e c t e d  v e l o c i t y  of ionospher ic  i o n s  r e l a t i v e  t o  space- 
craf t ,  t h e i r  thermal  v e l o c i t i e s  could be ignored.  

The p lane  t r a p s  w e r e  in tended f o r  measuring s m a l l  i on  con- 
c e n t r a t i o n s  i n  the  p e r i p h e r a l  reg ion  of Venus ' ionosphere.  The 
collectors of t h e s e  t r a p s  w e r e  coupled wi th  an electrometric 
a m p l i f i e r  on whose i n p u t  an e l e c t r o m e t r i c  tube was set  wi th  a 
g r i d  c u r r e n t  % amp. The minimum r e g i s t e r e d  collector cur-  
r e n t  w a s  1*10-~O amp.  This  r a t i o  between t h e  aforementioned cur- 
r e n t s  guaranteed a high degree of s t a b i l i t y  of a m p l i f i e r ' s  z e r o  
reading dur ing  t h e  f l i g h t .  The c o n s t a n t  o r i e n t a t i o n  of t h e  space 
c r a f t  toward t h e  Sun made it p o s s i b l e  t o  r e g i s t e r  i n  t h e  p lane  
t r a p s  t h e  p o s i t i v e  ions  of t h e  s o l a r  wind (dur ing  t h e  f i r s t  s t a g e  
of near -p lane tary  measurements t h a t  began a t  a d i s t a n c e  % 40,000km 
from Venus, i onosphe r i c  i o n s  could n o t  be p r e s e n t  i n  t h e  medium 
surrounding t h e  s p a c e c r a f t )  . Measurements of t h e  t o t a l  c o l l e c t o r  
c u r r e n t  of t h e  p lane  t r a p s  i n  t h e  near -p lane tary  s e c t o r  w e r e  ca r -  
r i e d  ou t  once every 7 sec. To s e p a r a t e  t h e  r e g i s t r a t i o n  of iono- 
s p h e r i c  i o n s  by p l ane  t r a p s  from t h a t  of h ighe r  energy p a r t i c l e s  
of nonionospheric o r i g i n  ( f o r  i n s t a n c e ,  solar  wind i o n s ) ,  a 
p o s i t i v e  vo l t age  of 50 v r e l a t i v e  t o  s p a c e c r a f t  frame w a s  f ed  t o  
p lane  t r a p s  once every  1 4  sec. This vo l t age  would have decele-  
r a t e d  t h e  ionosphe r i c  i ons  without  h inde r ing  t h e  inc idence  of 
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nonionospheric charged p a r t i c l e s  on t h e  c o l l e c t o r .  Var i a t ions  
i n  t h e  magnitude of c o l l e c t o r  c u r r e n t s  wi th  changes i n  g r i d  
vo l t age  f r o m  0 t o  50 v made it p o s s i b l e  t o  e v a l u a t e  t h e  c o n t r i -  
bu t ion  of nonionospheric  i o n s  t o  t h e  measured c u r r e n t .  

Plane t r a p s  made it p o s s i b l e  t o  measure ion  concent ra t ions  
i n  t h e  ionosphere from 50 t o  5000 

The hemispher ica l  charged p a r t i c l e  t r a p s  w e r e  in tended f o r  
measuring l a r g e  concen t r a t ions  of p o s i t i v e  ions  i n  t h e  v i c i n i t y  
of t h e  main i o n i z a t i o n  maximum i n  t h e  upper atmosphere of Venus. 
To o b t a i n  a d e t a i l e d  a l t i t u d e  d i s t r i b u t i o n  of charged p a r t i c l e  
concen t r a t ion  i n  t h e  v i c i n i t y  of t h e  main i o n i z a t i o n  maximum, 
c o l l e c t o r  c u r r e n t  measurements f o r  t h e s e  t r a p s  w e r e  conducted 
much more f r equen t ly  than  i n  t h e  case  of p lane  tr 'aps,  namely 
once every 0 . 8  sec. Ionospheric  i on  concent ra t ions  w i t h i n  t h e  
l i m i t s  of l o 4  t o  1 0 7 ~ m - 3  could be measured by means of t h e  
hemispher ica l  t r a p s .  

A s  a l r eady  mentioned, p lane  t r a p s  could r e g i s t e r  f l u x e s  of 
s o l a r  wind p o s i t i v e  ions  on t h e  rou te  between Ear th  and Venus. 
However, t h e  r e s u l t s  of t h i s  r e g i s t r a t i o n  w i l l  be d e a l t  wi th  
s e p a r a t e l y ,  t h i s  a r t ic le  p resen t ing  only t h e  pre l iminary  r e s u l t s  
of t h e  measurements conducted during t h e  l a s t  near -p lane tary  
r ad iocomunica t ion  wi th  t h e  s p a c e c r a f t  on October 1 8 ,  1 9 6 7  a t  
d i s t a n c e s  of less than  % 4 0 , 0 0 0  k m  from Venus. The phenomenon 
of i on  f l u x e s  i n c r e a s e  recorded a t  d i s t a n c e s  of less than  2 2 , 0 0 0  
k m  from t h e  p l a n e t  i s  considered and d iscussed  i n  t h e  second 
s e c t i o n  of t h i s  a r t i c l e .  The f i n a l  s e c t i o n  d e a l s  wi th  t h e  
conclusions t h a t  can be drawn from t h e  d a t a  on t h e  ionosphere 
of Venus obta ined  by means of t h e  t r a p s .  

2 .  A t  d i s t a n c e s  from 4 0 , 0 0 0  t o  % 1 9 , 0 0 0  km almost cons t an t  
c u r r e n t s  corresponding t o  r e l a t i v e l y  low solar  plasma pro ton  
f luxes  w e r e  r e g i s t e r e d  i n  s e n s i t i v e  p lane  t r a p s .  A t  t h e  same t i m e ,  
a magnetometer i n s t a l l e d  on t h e  same spaceship  [3] w a s  r e g i s t e r i n g  
the  s t eady  magnitude of t h e  magnetic f i e l d  (about  16y). A t  a 
p r e s s  conference on t h e  s c i e n t i f i c  r e s u l t s  ob ta ined  by means of 
"VENERA-4"* which w a s  he ld  a few days a f t e r  t h e  end of t h e  f l i g h t  
i t  was noted t h a t  t h e  i n t e r p l a n e t a r y  plasma and t h e  magnetic f i e l d  
d i s tu rbances  induced by t h e  p l a n e t  had been de tec t ed .  A consi-  
de rab le  i n c r e a s e  i n  p o s i t i v e  ion  f l u x e s  r e g i s t e r e d  by t h e  t r a p s  
began a t  d i s t a n c e s  s t a r t i n g  a t  about 1 9 , 4 0 0  km from t h e  p l a n e t  
surface. An i n c r e a s e  i n  t h e  measured magnetic f i e l d  s t a r t e d  
s imultaneously.  Subsequently,  v a r i a t i o n s  i n  t h e  magnitudes of 
p o s i t i v e  p a r t i c l e  f l u x e s  r e g i s t e r e d  by t h e  t r a p s  and i n  t h e  f i e l d  
measured by t h e  magnetometer occurred wi th  a high degree of syn- 

* I n  t h e  book: "Two M i r a c l e s  o f  S p a c e  T e c h n o l o g y " .  I z d - v o  
I I  I z v e s t i y a " ,  1 9 6 7 ,  p . 1 3 0 .  
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chronism ( F i g . 2 ) .  

T h i s  p a t t e r n  of a r a p i d  i n c r e a s e  i n  charged p a r t i c l e  f l u x e s  
and i n  t h e  magnetic f i e l d  reminds one of an analogous p i c t u r e  
occurr ing  dur ing  t h e  approach toward t h e  Ear th  of a s p a c e c r a f t  
moving from i n t e r p l a n e t a r y  space (a  s a t e l l i t e  w i t h  apogee of t h e  
o r d e r  of hundreds of thousand km), when t h e  s p a c e c r a f t  i n t e r s e c t s  
t h e  c o l l i s i o n l e s s  shock wave f r o n t  produced by t h e  i n t e r a c t i o n  
between solar  wind and t h e  geomagnetic f i e l d .  However, nea r  
Ear th  t h e  c l o s e s t  approach of t h i s  shock w a v e  f r o n t  takes p l ace  
i n  t h e  Earth-Sun d i r e c t i o n  and i s  approximately 1 4 R E ,  i .e. about 
80 ,000  km from t h e  E a r t h ' s  s u r f a c e  [ 4 ,5 ] .  

I n  t h e  case of Venus, l ack ing  a proper  magnetic f i e l d ,  it 
can be assumed t h a t  t h e  shock wave i s  formed when solar  plasma 
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f luxes  (where t h e  magnetic f i e l d  i s  f rozen- in)  flow p a s t  t h e  
p l a n e t ,  t h e  l a t t e r  c o n s t i t u t i n g  a s o l i d  o b s t a c l e  on t h e i r  r o u t e .  
The formation of a c o l l i s i o n l e s s  shock wave i s  possible i n  t h i s  
case s i n c e  t h e  Larrnor r ad ius  of  s o l a r  wind p ro tons  i s  substan-  
t i a l l y  s m a l l e r  than  t h e  l i n e a r  dimensions of t h e  p l ane t .  

I n  t h i s  case, t h e  p o s i t i o n  of t h e  shock wave f r o n t  can be 
approximately es t imated i f  i n  determining t h e  Mach number w e  
s u b s t i t u t e  t h e  Alfvdn v e l o c i t y  i n  an undis t rubed  s o l a r  plasma flux 
w e  s u b s t i t u t e  t h e  A l f v h  v e l o c i t y  fo r  t h e  speed of sound by t ak ing  
advantage of t h e  l a w  of gas  dynamics. Then t h e  Mach number i s  

V V 
h{ == -e -- __ __ 

where y = 2 fo r  t h e  ion ized  g a s ,  V i s  t h e  v e l o c i t y  of t h e  unper- 
t u rbed  f l u x ,  H t h e  magnetic f i e l d  i n t e n s i t y ,  and p i s  t h e  dens i ty  
i n  t h e  plasma f l u x  ( a l l  t h e s e  parameters  c h a r a c t e r i z e  t h e  solar  
wind unperturbed by t h e  p l a n e t ) ,  and t h e  expres s ions  

r 1 + S€C p 1 
r, 1 4- scc p C O S  'p hi * 

, s i n p  = - - = 

rs -1 1,24 r, scc fi 
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w i l l  determine t h e  p o s i t i o n  of t h e  shock wave f r o n t  (see, for  
i n s t a n c e  [ 5 ] ) .  (The denota t ion  used by us are shown i n  F ig .3 ) .  
The f i g u r e  shows i n  scale t h e  r e s u l t s  of such a c a l c u l a t i o n  f o r  
M = 5 f 4 ,  which corresponds t o  t h e  v o l o c i t y  V = 350+100 km/sec 
[ 6 ]  and t h e  i n t e n s i t y  of t h e  magnet ic - f ie ld  H = 7 f 3y m o s t  
c h a r a c t e r i s t i c  f o r  t h e  so l a r  wind [ 7 ] .  The s h o r t e s t  d i s t a n c e  
between t h e  shock wave f r o n t  and t h e  p l a n e t  ( i n  t h e  d i r e c t i o n  
Sun-Venus) i s  'L 2000  km. 

With d a t a  on s p a c e c r a f t  t r a j e c t o r y  on hand it becomes pos- 
s ible  t o  determine t h e  angle  between t h e  r a d i i - v e c t o r s  d i r e c t e d  
from t h e  c e n t e r  of t h e  p l a n e t  toward t h e  Sun and t h e  c u r r e n t  
p o i n t  of t h e  t r a j e c t o r y  (see Fig.3 r e l a t e d  t o  t h e  p lane  pass ing  
through t h e  "VENERA-4" t r a j e c t o r y ) .  The d i s t a n c e s  r t o  t h e  shock 
wave f r o n t  w e r e  c a l c u l a t e d  on the  b a s i s  of formulas-(1) f o r  t h e  
angles  $I corresponding t o  t h e  near -p lane tary  p o r t i o n  of t h e  tra- 
j e c t o r y  and t o  Mach numbers M = 5 k 4 and w e r e  compared with t h e  
d i s t a n c e s  p t o  t h e  s p a c e c r a f t  (Fig.  4 ) .  They w e r e  found t o  be 
e q u a l  a t  d i s t a n c e s  'L 21 ,000 t2000  km from t h e  p l a n e t  s u r f a c e .  A s  
a l ready  mentioned, t h e  i n c r e a s e  i n  p o s i t i v e  i o n  f luxes  and i n  
t h e  magnetic f i e l d  began a t  a d i s t a n c e  'L 1 9 , 4 0 0  km. 

Therefore ,  t h e s e  approximate estimates provide a b a s i s  t o  
cons ide r  t h a t  t h i s  i n c r e a s e  i s  a c t u a l l y  connected wi th  t h e  shock 
wave found n e a r  t h e  p l a n e t .  

Considerat ions on t h e  p o s s i b i l i t y  of shock wave 
dur ing  supe r son ic  so la r  wind flow p a s t  t h e  Moon are presented  i n  
[8]. These cons ide ra t ions  can be app l i ed  t o  solar  wind f l o w  p a s t  
Venus. 

I f  t h e  p l a n e t  i s  a nonconducting unmagnetized sphere ,  solar  
wind p a r t i c l e s  must be absorbed by i t s  s u r f a c e  (or  n e u t r a l i z e d  
on i t ) ,  and a shock wave cannot be formed, whereas, i f  t h e  p l a n e t  
has  an i dea l  conduc t iv i ty ,  a shock wave w i l l  be forming. 

Analogously t o  t h e  Ea r th ,  it may be assumed t h a t  Venus has 
a h igh  conductive core surrounded by a nonconductive o r  weakly 
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conductive mantle.  The f rozen- in  magnetic f i e l d  of t h e  s o l a r  
wind does n o t  p e n e t r a t e  i n t o  t h e  conductive core and crowding 
of magnetic l i n e s  of f o r c e  appears on its s u r f a c e  on t h e  s i d e  
of t h e  i n c i d e n t  flow. 

r 

I f  t h e  th i ckness  of p l a n e t ' s  mantle i s  lesser than  t h a t  of 
t h e  reg ion  above t h e  upper l i m i t  of  t h e  co re ,  where t h e  main 
mass of s o l a r  wind p a r t i c l e s  cannot p e n e t r a t e  on account of 
t h e i r  r e f l e c t i o n  by a pe r tu rbed  magnetic f i e l d ,  t h e s e  p a r t i c l e s  
w i l l  n o t  be absorbed by t h e  p l a n e t  s u r f a c e ,  and a shock wave 
sets i n .  

I f  a method s i m i l a r  t o  t h e  one app l i ed  i n  [ 8 1  i s  used t o  
e v a l u a t e  t h e  o v e r a l l  t h i ckness  of t h e  nonconductive mantle 
surrounding t h e  conduct ive core  of Venus r equ i r ed  f o r  t h e  f o r -  
mation of a shock wave f o r  s o l a r  wind parameters i n d i c a t e d  a t  
t h e  beginning of t h i s  s e c t i o n ,  it w i l l  prove t o  be equa l  t o  0 . 0 5  
of t h e  Venusian r a d i u s .  I n  other words, t h e  th i ckness  of t h e  
mantle should n o t  exceed % 300 km. A s  i s  w e l l  known, f o r  t h e  
Ear th  t h e  t h i c k n e s s  of t h e  mantle surrounding t h e  core is  % 3000 
k m  [ 9 ] .  The va r ious  hypotheses desc r ib ing  t h e  p r o p e r t i e s  and 
t h e  s t r u c t u r e  of t h e  E a r t h ' s  core [lo-121 agree on t h e  representa-  
t i o n s  t h a t  it must be endowed with meta l  p r o p e r t i e s  and, conse- 
quen t ly ,  wi th  a high e lec t r ic  and thermal  conduc t iv i ty .  I t  must 
a l s o  have a h ighe r  temperature  than t h a t  of t h e  ad jacen t  l a y e r  
of t h e  m a n t l e .  

I f  one assumes t h a t  t h e  core  of Venus has  s i m i l a r  p r o p e r t i e s ,  
while  i t s  mantle i s  a t  least 1 0  t i m e s  t h i n n e r  than t h a t  of t h e  
E a r t h ,  as  i t  r e s u l t s  from t h e  aforementioned e v a l u a t i o n ,  t h e  
descr ibed  mechanism can be explained by t h e  formation of a shock 
wave, w h i l e  t h e  h o t  c u r e  c l o s e l y  l o c a t e d  t o  t h e  s u r f a c e  may be 
t h e  reason of t h e  temperature  a t  p l a n e t  s u r f a c e  being cons iderably  
h i g h e r  than t h a t  of t h e  E a r t h ' s  s u r f a c e  (as fol lows from t h e  
measurements on spacesh ip  "VENERA-4" [131) . 

3. A s  a l ready  mentioned, t h i s  experiment made it p o s s i b l e  
t o  e s t i m a t e  t h e  concen t r a t ion  of charged p a r t i c l e s  i n  t h e  Venus' 
ionosphere above t h e  dark p a r t  of p l a n e t ' s  s u r f a c e .  

I n  ear l ie r  p u b l i c a t i o n s ,  cons ide ra t ions  w e r e  expressed 
on t h e  b a s i s  of which it w a s  concluded t h a t  e l e c t r o n  concen- 
t r a t i o n  N e  i n  t h e  Venus' ionosphere exceeds cons iderably  t h e  
N e  of t h e  E a r t h ' s  ionosphere.  E s t i m a t e s  w e r e  made, according 
t o  which N e  a t t a i n s  % 109cm"3 i n  t h e  Venusian ionosphere,which 
is  1000 t i m e s  more than  i n  t h e  E a r t h ' s  ionosphere [1]-171. How- 
e v e r ,  a l l  alony t h e  f l i g h t  t h e  hemispherical  t r a p s  wi th  s e n s i -  
t i v i t y  n e  = 1 0  f a i l e d  t o  r e g i s t e r  any c u r r e n t .  Analysis  
of t h e  d i f f e r e n c e s  of p l ane  t r a p  c o l l e c t o r  c u r r e n t s  r e g i s t e r e d  
i n  t h e  v i c i n i t y  of t h e  p l a n e t  and corresponding t o  t h e  presence 
of a r e t a r d i n g  p o t e n t i a l  on g r i d  C2 (Fig.1) and i t s  absence,  
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shows t h a t  p o s i t i v e  i o n  concent ra t ions  a t  a l t i t u d e s  of hundreds 
of km above t h e  p l a n e t ' s  s u r f a c e  do n o t  exceed 'L 103cm-?.in any 
case. Therefore ,  it i s  s u b s t a n t i a l l y  l o w e r  than  t h e  charged 
p a r t i c l e  concent ra t ion  a t  corresponding a l t i t u d e  i n  t h e  n i g h t  
ionosphere of  t h e  Ear th .  

The e n t i r e  s p a c e c r a f t  t r a j e c t o r y  passed above t h e  dark 
p a r t  of Venus' s u r f a c e ;  t h e  c r a f t  landed i n  t h e  v i c i n i t y  of 
t h a t  p a r t  of t h e  t e rmina to r  which s e p a r a t e s  n i g h t  f r o m  morning. 
This  circumstance may t o  a cons iderable  degree e x p l a i n  t h e  un- 
expectedly l o w  values of charged p a r t i c l e  concent ra t ions .  

I t  i s  n a t u r a l  t o  compare data on t h e  upper atmosphere of 
Venus wi th  t h e  a v a i l a b l e  d a t a  on t h e  upper atmosphere and t h e  
ionosphere of t h e  Ear th .  

On t h e  b a s i s  of t h e  experimental  r e s u l t s  by "VENERA-4", 
V.G. Kurt and V . I .  Moroz came t o  t h e  conclusion t h a t  i n  t h e  
dark upper atmosphere of Venus t he  scale h e i g h t  i s  13  km [18].  

A t  t h e  same a l t i t u d e s ,  t h e  scale h e i g h t  i n  t h e  upper 
atmosphere of  t h e  Ear th  i s  3-4 t i m e s  h igher .  I t  means t h a t  
t h e  upper atmosphere of Venus is less extended than  t h e  terres- 
t r i a l  and t h a t ,  consequent ly ,  t he  i n i t i a l  material  f o r  t h e  iono- 
sphere  formation on Venus i s  scarcer than on Ear th .  

I t  i s  w e l l  known t h a t  i n  t h e  E a r t h ' s  ionosphere t h e  ions  
are formed mainly a t  a l t i t u d e s  < 400 km. They reach h ighe r  
a l t i t u d e s  moving along t h e  magnetic tubes of force [19].  

In  t h e  reg ion  where one kind of ions  i s  predominant and 
where temperature equi lbr ium ex i s t s  between n e u t r a l  and charged 
p a r t i c l e s ,  t h e  scale h e i g h t  of t h e  ion ized  component must be 
e q u a l  t o  t h e  doubled scale h e i g h t  of t h e  corresponding n e u t r a l  
component [ 2 0 1 . 

Applied t o  Venusian cond i t ions ,  t h e  scale h e i g h t  of charged 
p a r t i c l e s  i n  t h e  n i g h t  ionosphere a t  a l t i t u d e s  of 100-400 km 
whould be % 30 km (while  on E a r t h  it i s  'L 80 -100 km). Hence, 
it f o l l o w s  t h a t  t h e  n i g h t  ionosphere of Venus must a lso be less 
extended and dense than  t h e  terrestr ia l  ionosphere,  and a l l  t h e  
m o r e  so ,  s i n c e  because of absence of a magnetic f ie ld ,Venus 
l acks  such an e f f e c t i v e  t r a n s p o r t  and t r app ing  mechanism as t h e  
d i f f u s i o n  of charged p a r t i c l e  along t h e  l i n e s  of force of p l a n e t ' s  
magnetic f i e l d .  This l a s t  circumstance must  a f f e c t  t h e  ex tens ion  
of t h e  ionosphere a l so  on t h e  d i u r n a l  side of t h e  p l a n e t .  

Moreover, cons ider ing  t h a t  on Venus t h e  n i g h t  l a s t s  approxi- 
mately 1 1 0  pe r iods  of 2 4  hours  [14], t h e  l ack  of an a d d i t i o n a l  
source ,  cont inuously s u s t a i n i n g  t h e  n i g h t  i o n i z a t i o n  means t h a t  
i n  t h e  dense upper n i g h t  atmosphere of t h e  p l a n e t  a l l  t h e  ions have 
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t o  recombine. Such source  could be t h e  t u r b u l e n t  solar wind 
f luxes  behind t h e  shock wave f r o n t ,  p a r t l y  h i t t i n g  t h e  atmos- 
phere o f  Venus. H o w e v e r ,  a t  t h e  p r e s e n t  t i m e ,  data fo r  quan t i -  
t a t i ve  estimates of t h e  effect  of t h i s  source  of i o n i z a t i o n  on 
t h e  n i g h t  atmosphere of Venus are s t i l l  lacking  ( t h e  magnitudes 
of f luxes  and energy of  i o n i z i n g  p a r t i c l e s  are unknown). Never- 
t h e l e s s ,  because of t h e  l o w  d e n s i t y  of t h e  Venusian n e u t r a l  
atmosphere t h e  e f f e c t  a t  high a l t i t u d e s  of t h i s  a d d i t i o n a l  
i o n i z a t i o n  source  is n e g l i g i b l y  s m a l l .  Even i n  t h e  s u n l i t  space 
above t h e  n i g h t  s i d e  of  t h e  p l a n e t ,  t h e  concent ra t ion  of charged 
p a r t i c l e s  must be extremely l o w  d e s p i t e  t h e  a c t i o n  of such an 
i o n i z a t i o n  source  as t h e  Sun ' s  shortwave r a d i a t i o n .  A s  a l r eady  
s t a t e d ,  owing t o  t h e  absence of a magnetic f i e l d  on Venus, t h e  
i o n i z a t i o n  i n f l u x  f r o m  below must be extremely l o w .  

There i s  a c e r t a i n  p o s s i b i l i t y  f o r  t h e  appearance of p a r t i c l e s  
i n  t h i s  reg ion  on account of t h e i r  i n f l u x  from t h e  d i u r n a l  s i d e  
a t  t h e  expense of h o r i z o n t a l  d i f f u s i o n ,  whereas a t  a l t i t u d e s  
where c o l l i s i o n s  are absen t ,  they  could appear  on account of t h e  
p e n e t r a t i o n  i n t o  t h e  n i g h t  s i d e  of b a l l i s t i c  p a r t i c l e  trajecto- 
ries o r i g i n a t i n g  on t h e  d i u r n a l  s i d e .  Evident ly ,  t h i s  effect  
must be m o r e  c l e a r l y  expressed on t h e  n i g h t  side i n  t h e  v i c i n i t y  
of t h e  evening and n o t  of t h e  morning boundary of  t h e  shadow. 
On t h e  o t h e r  hand, "VENERA - 4 "  descended i n  t h e  v i c i n i t y  of t h e  
morning boundary of  t h e  dark p a r t  of t h e  p l a n e t ' s  su r f ace .  

Therefore ,  t h e  s m a l l  c u r r e n t s  r e g i s t e r e d  by charged p a r t i c l e  
t r a p s  dur ing  t h e  desc r ibed  experiment are n o t  i n  c o n t r a d i c t i o n  
w i t h  a l l  t h e  ear l ier  expressed cons ide ra t ions  on t h e  low charged 
p a r t i c l e  concen t r a t ions  i n  t h e  n i g h t  ionosphere of Venus. 

A t  t h e  p r e s e n t  t i m e  it i s  s t i l l  very d i f f i c u l t  t o  forecast 
t h e  c h a r a c t e r i s t i c s  of Venus ' daytime ionosphere inasmuch as 
they are s t r o n g l y  dependent on t h e  d e n s i t y ,  temperature and com- 
p o s i t i o n  of t h e  n e u t r a l  daytime upper atmosphere. I f ,  i n  p a r t i -  
c u l a r ,  C02 molecules are conta ined  i n  it as a consequence of 
t h e  d i f f u s i o n  p rocesses ,  t h e  atmosphere on t h e  daytime s i d e  
may prove t o  be s u f f i c i e n t l y  co ld  and unextended, which would 
accordingly a f f e c t  a l so  t h e  d i u r n a l  ionosphere.  

I f  t h e  temDerature of t h e  d i u r n a l  atmosphere i s  found t o  
be high,  t h e  assumption according t o  which t h e  ionosphere of 
Venus,as compared t o  t h a t  of t h e  E a r t h ' s , h a s  h ighe r  va lues  of 
e l e c t r o n  concen t r a t ion  may prove t o  be j u s t i f i e d .  

I n  t h i s  case, dur ing  s o l a r  wind f l o w  p a s t  t h e  p l a n e t ,  t h e  
shock wave could be formed by means of t h e  above-described mecha- 
nism w i t h  t h e  d i f f e r e n c e  t h a t  t h e  ro l e  of t h e  conductive l a y e r  
would be played by t h e  d i u r n a l  ionosphere and n o t  by t h e  core 
l o c a t e d  w i t h i n  t h e  p l a n e t .  The formation of a shock wave under 
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t h e s e  condi t ions  would be p o s s i b l e  provided t h e  t i m e  of shock 
wave f r o n t  formation i s  s h o r t e r  than t h e  t i m e  of i n t e r p l a n e t a r y  
magnetic f i e l d  p e n e t r a t i o n  i n t o  t h e  ionosphere.  

ANNOTATION DURING PROOFREADING. A f t e r  sending t h e  ar t ic le  
f o r  p u b l i c a t i o n ,  t h e  au thors  became acquainted wi th  t h e  results 
of  plasma and magnet ic  f i e l d  experiments conducted i n  t h e  vici-  
n i t y  of Venus on "MARINER-5" on November 1 9 ,  1967 (Science,  158, 
1665, 1 6 6 7 ) .  From t h e s e  r e s u l t s  it fo l lows ,  i n  p a r t i c u l a r ,  t h a t  
t h e r e  e x i s t s  i n  t h e  v i c i n i t y  of t h e  p l a n e t  a shock wave i n  t h e  
s o l a r  wind and a f a i r l y  i n t e n s e  d i u r n a l  ioriosphere. The au thors  
w i l l  pub l i sh  a comparison of t h e  r e s u l t s  of plasma measurement 
conducted on "VENERA-4" and "MARINER-5" a t  a l a te r  d a t e .  

Manuscript rece ived  on 
January 1 2 ,  1968. 
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